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Abstract: The development trend of high shares of renewables and power electronics has increased
the demand for new energy converters in the power system, but there is a lack of systematic research
on the stability of different types of converters when transmitting power, which is worth exploring in
depth. In this study, the power transfer capabilities of grid-forming and grid-following converters are
investigated separately through an equivalent circuit diagram and phasor diagram when connected
to the grid, and a quantitative relationship between converters’ power transmission limit and short
circuit ratio under static stability conditions is obtained, leading to the conclusion that, in terms of
power transmission, grid-forming converters are more suitable for weak grids with high damping
and low inertia, whereas grid-following converters are more suitable for strong grids with high
inertia. The conclusions are further verified by constructing the converter grid-connected models for
different grid strengths through the PLECS simulation platform and the real-time simulation RTBOX1
and F28379D launchpad platform.

Keywords: grid-forming converter; grid-following converter; static power transmission limit; power
coupling; short circuit ratio

1. Introduction

The penetration rate of renewable energy and power electronic equipment has in-
creased, forming a “double high” development trend [1]. The high transmission capacity
requirement of converters also leads to problems in grid stability [2].

When a new energy converter is connected to the power grid as a power source, there
may be an imbalance between its actual output power and its input power on the DC side
when disturbance occurs, which will affect the capacitance voltage on the DC side of the
converter, then change its output current through the control system; finally, its actual
output power changes to adopt a new balance. If one part fails during this circulation,
different kinds of power grid instability will occur. Among them, the static stability
can initially be judged according to whether the converter has a stable static operating
point [3,4]. However, power electronic converters have different response characteristics
compared with traditional equipment, and there is still scant research on the stability
of different types of converters when transmitting power and quantitative analyses of
their power transmission limit, which are highly related to the power grid stability of
power-angle, voltage, and frequency [5,6].

Among them, power-angle stability refers to the fact that the output power of the
generator to the grid can still be maintained within a constant range after the grid is sub-
jected to minimal interference (interference close to zero). Considering the synchronization
consistency between converters and synchronous machines, the stability problem can
be divided into static stability, small disturbance stability, and transient stability [7–9].
However, static stability is the basis for the study of dynamic small disturbance, transient
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stability, and other problems; the transient instability problem presents the characteristics
of time-varying nonlinearity and needs to take into account all elements constituting the
grid, which is relatively complex. Therefore, this paper mainly studies the influence of
converter power transmission on the static stability of the grid.

Power electronic converters, as non-synchronous sources, can be divided into grid-
forming (GFM) and grid-following (GFL) converters [10]. Among them, GFM converters
can be seen as voltage sources, while GFL converters can be seen as current sources [11].
Power electronic converters should not only meet the power-angle stability like traditional
converters when transmitting power, but also need to prevent PLL loss [12], delay [13], or
other effects causing static or small interference instability, which need further research.

In this study, the equivalent circuit models of GFM and GFL converters are established,
the power transmission limits of the two converters under static stability are obtained,
and the conclusions and conditions that they are equal are determined. Then, the short
circuit ratio (SCR) is used to measure the power grid strength of the system under static
stability [14], utilizing the control strategy block diagram of both converters; we conclude
that the GFM converter is more suitable for weak grids, and the GFL converter is more
suitable for strong grids in terms of power transmission and smooth regulation. Finally, the
PLECS platform is used to construct the grid-connected system suitable for different power
grid strengths, and the validity of this theoretical analysis is verified using the simulation
platform PLECS, RTBOX1, and the F28379 launchpad.

2. Static Stability Limit of the Converter’s Power Transmission

The main focus of this section is the power transmission limit of the converter under
static stability. The converter is connected to the grid as a power source; therefore, in
addition to providing active power, a large amount of reactive power and harmonics may
be output to the grid, complicating analyses of the stability. Thus, it seems reasonable to
simplify this by considering static power transmission limits when converters operate in
unity power factor first [15]. Equivalent circuits and phasor diagrams of converters are
constructed to facilitate further analyses of power transmission limits and the static stability.

2.1. Equivalent Circuit of the GFM Converter

In Figure 1a, Uc is the RMS voltage value of the converter, and Ug is the RMS value of
the grid side voltage. Assuming that the voltage at the point of common coupling (PCC) is
the reference phase, the angle between the grid side voltage and the voltage at the PCC
is the power-angle δ, and the line impedance Rg + jXg = Zg∠ϕ. To facilitate control and
improve stability, all the reactive power is provided by reactive power compensators. The
power factor of the converter is one, expressed as It∠0◦.

Figure 1. (a) Equivalent circuit diagram of the GFM converter; (b) phasor diagram of the GFM
converter with unity power factor.
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The phase diagram shown in Figure 1b was drawn by combining the relationships of
the variables in Figure 1a, which, in turn, gives Uc and the active power, P, transmitted by
the system in three symmetrical phases:

Uc =
√

U2
g − I2

t X2
g + ItRg (1)

P = 3Uc It = 3
(√

U2
g − I2

t X2
g + ItRg

)
·It (2)

As shown in Figure 2a, the P–It curve can be plotted for different line impedance
ratios after the transmission of active power P and current It has been normalized. When It
increases, P exhibits an overall trend of increasing and then decreasing; thus, there is an
extreme point which is the maximum value, Pmax, referring to the maximum power that
the converter can transmit in the unity power factor state. As the line impedance angle,
ϕ, increases, the resistive component of the line impedance decreases, and the maximum
power, Pmax, that can be transmitted by a GFM converter will also decrease. As shown
in Figure 2a, when the converter is commanded to transmit power Pset, for Rg/Xg = 1
and Rg/Xg = 0.5 grids, there is a stable static operating point, i.e., the left intersection of
curves; for the Rg/Xg = 0 grid, there is no intersection, so static instability and other severe
phenomena will occur.

Figure 2. (a) P–It curves for different line impedance ratios; (b) plot of Pmax and Zg, ϕ.

Replacing Xg and Rg in Equation (2) with the impedance modulus Zg and the impedance
angle ϕ by equivalents Xg = tanϕ/(1 + tan2 ϕ)(1/2) and Rg = (1 + tan2 ϕ)(−1/2), Equation (3)
can be derived, and with the aid of the mathematical application Wolfram Alpha, the
explicit analytical solution for Pmax can be displayed as in Equation (4):

P = 3

It

√
U2

g − I2
t Z2

g
tan2 ϕ

1 + tan2 ϕ
+

Zg√
1 + tan2 ϕ

I2
t

 (3)

Pmax = P(It)
∣∣∣It=Ipmax =

3U2
g

2Zg
·

√
1 + tan2 ϕ√

1 + tan2 ϕ− 1
, Ipmax ≈

Ug√
2Zg

(4)

From Equation (4), we can derive Figure 2b; when Zg and ϕ increase, Pmax will be
reduced, and the specific analysis will be combined with the SCR in Section 3.1.

However, in real operation conditions, especially in weak grids, converters may be
called upon to provide the necessary reactive power to support the power system and
compensate the voltage drop of the original transmission line using locally installed reactive
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power compensators [14]; notably, the required reactive power from compensators can be
considerably high which makes the installation of them costly.

As shown in Figure 3a, the phasor diagram illustrates how GFM converters provide
approximately 0.7P reactive power, which is required by grids with θ which means a power
factor angle of It. Similarly, we can derive P in the variable power factor in Equation (5).

P = Uc Itp = (
√

U2
g − (ItpXg − ItqRg)

2 + ItpRg + ItqXg)Itp

= It cos θ
√

U2
g − I2

t (Xg cos θ − Rg sin θ)2 + I2
t (Rg cos2 θ +

Xg
2 sin 2θ)

(5)

Figure 3. (a) Phasor diagram of the GFM converter provides the required reactive power; (b) plot of
P and θ.

As shown in Figure 3b, for the Rg/Xg = 0 grid, P reached the highest at 0.5 (p.u.)
when I was near 0.7 (p.u.). Keep the I and change the converter’s power factor, and it
turns out that P reached the highest value when the θ neared 0.6 rad and was higher than
0.5 (p.u.) when the θ value was smaller than 1.0 rad. By decreasing the power factor in a
large scale, GFM converters can provide an even higher active power. Therefore, although
power transmission with variable power factors is very complicated, some aspects of
which are beyond the scope of this study, it can be concluded that converters can meet the
requirements of rated active power with or without providing sufficient reactive power;
this paper focuses more on the state of unity power factor to simplify the question.

2.2. Equivalent Circuit of the GFL Converter

As shown in Figure 4a, compared with Figure 1a, due to the presence of the reactive
power compensation capacitor, Xc [16], the output current is not equal to the output current,
Ig, from the PCC to the grid side when the GFL converter is considered as a current source;
the output voltage is still equal to the voltage at the PCC when the GFL converter is
considered as a voltage source, so the model of the GFL converter is slightly more complex.
The GFL converter is regarded as a current source whose output current is decoupled by dq
through Park transformation and the PLL control strategy in the GFL converter [10]. The
dq decoupling analysis method of currents is more suitable for GFL than GFM converters,
not only because the GFL converter is a current source which should be focused more
in its output current, but also due to its current inner loop control, which will be further
discussed in Section 3.2. The quantitative relationship is Igd = Itd, Igq = Utd/Xc.
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Figure 4. (a) Equivalent circuit diagram of a GFL converter; (b) phasor diagram of GFL converter.

Combining the relationship and the diagram in Figure 4b, the voltage at the PCC
can be derived as shown in Equation (6). Under static stability conditions, PLL accurately
tracks the current; thus, Utd = Ut can be substituted into Equation (6) to obtain Equation (7).
In general, the reactance to ground at the PCC Xc is much greater than the inductive
reactance in the Xg grid, i.e., Xc/(Xc − Xg) = 1; thus, Equation (7) is formally identical
to Equation (2). Similarly, the maximum transmission power of a GFL converter can be
presented as Equation (8).

Pmax =
√

U2
g − I2

gdX2
g + IgdRg + IgqXg =

√
U2

g − I2
tdX2

g + ItdRg +
Utd
Xc

Xg (6)

Uc =
Xc

Xc − Xg

(√
U2

g − I2
tdX2

g + ItdRg

)
(7)

Pmax =
Xc

Xc − Xg
·
3U2

g

2Zg
·

√
1 + tan2 ϕ√

1 + tan2 ϕ− 1
(8)

The form of Equation (8) is the same as Equation (4); judging from the equivalent circuit
diagram, the ultimate transmission capacity in the unity power factor state is the same for
both GFM and GFL converters under static stability conditions. It is a useful conclusion and
means that the type of converter can be ignored when considering the ultimate transmission
capacity of the converter alone.

3. Relationship between Static Power Transmission of the Converter and Grid Strength
3.1. Influence of Power Grid Strength Variation on the Steady Working Area of the System

According to the relative definition of SCR used to measure power grid strength in
traditional power systems, the power grid strength of a grid-connected system with GFM
and GFL converters can also be expressed by SCR [15]: the larger its value, the higher the
strength of the system.

Equation (9) defines the SCR in renewable energy power grids: Psc is the short circuit
capacity of the grid, Psc = 3U2

g/Zg; Ug is the RMS value of the grid phase voltage; Zg is
the impedance modulus value of the grid; and PN is the rated transmission power of the
converters, which is equal to the Pset value in the GFM and GFL converters mentioned
above. Thus, the strength of the power grid is not only related to the power grid itself, but
also to the converter, which is jointly determined by both.

It seems that the definition of the SCR requires analyses of both converters and grids;
however, because the transmission power limit of GFM converters is similar to that of
GFL converters, it can reasonably be assumed that the rated transmission power of the
two converters is equal, to determine the steady working area by only discussing the
characteristics of the power grid itself using the SCR theory.

According to Equation (8) and Figure 2b, as Zg increases continuously, SCR decreases,
and Pmax also decreases rapidly. However, when ϕ increases, the power grid strength
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increases, and Pmax increases. Moreover, power grids connected to the converter are mostly
of high voltage, whose ϕ is almost 90◦; in this case, the line impedance angle has little effect
on the improvement in Pmax. In summary, as Zg increases, the grid’s stiffness reduces, the
SCR decreases, and Pmax decreases.

Furthermore, the steady working area requires Pset ≤ PN; according to Equations
(8) and (9), the constraint relationship between the transferable power (steady working
area) of converters and power grid strengths under static stability can be calculated as
Equation (10).

Notably, although the minimum SCR increases with the increase in impedance angle,
it always exists at SCRmin ≤ 2, which is consistent with the conclusion that the SCR of a
very weak power grid is less than 2, and further verifies the accuracy of the conclusion.

SCR =
Psc

PN
=

3U2
g

Zg·Pset
(9)


Pset ≤

3U2
g

2Zg
·
√

1+tan2 ϕ+tan2 ϕ+1
tan2 ϕ

SCR ≥ 2− 2(
√

1+tan2 ϕ+1)√
1+tan2 ϕ+tan2 ϕ+1

(10)

3.2. Influence of Power Grid Strength on the Power Transmission of Converters

As shown in Figure 5a, the block diagram of a GFM converter was used to further
analyze the influencing factors of its stability during transmission power, which is not
only conducive to exploring whether the converter is stable when it reaches Pmax, but also
when exploring the stability characteristics of the converter when it transmits arbitrary
power under a certain strength grid. GFM converters regulate the active and reactive power
output, P and Q, to the system by controlling the output voltage, Uc, and power-angle, δ,
having P = 3UcUgsinδ/Xg and Q = 3Uc(Uc − Ugcosδ)/Xg.

Figure 5. (a) Block diagram of a GFM converter; (b) block diagram of a GFL converter.

Thus, by taking the partial derivative with respect to P and Q, with ∂P/∂Uc = 3Ugsinδ/Xg,
∂Q/∂δ = 3UcUgsinδ/Xg, Uc and δ are expected to be taken as control quantities, P and Q are
taken as controlled quantities, and the control GFM converter is a two independent single-input
single-output system; thus, power coupling is not conducive to GFM converter control, which
demonstrably does not meet the objective of the independent control of P and Q.

When the power grid strength decreases, SCR decreases, Xg increases, and ∂P/∂Uc de-
creases; therefore, the coupling relationship between P and Q decreases, and the stability of
the GFM converter when transmitting Pmax is further guaranteed. Notably, when P changes,
the coupling relationship between P and Q does not change. Therefore, the characteristics of a
GFM converter are applicable to weak grids in the steady working area of the system.
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At the same time, because GFM converters continue the traditional control strategy of
virtual synchronous generators (VSGs) and introduce gains, such as DP and DQ, when they
are set to a certain value, the damping and standby inertia of the system is sufficient, and the
power transmission is smoothly regulated within the limit range because the impedance of
the weak grid is large. However, when the grid strength increases, the impedance decreases.
Due to the limitation of VSG parameters, high-frequency oscillations may occur during
power transmission due to parameter mismatch, which is not conducive to system stability.
This further verifies that GFM converters are not suitable for strong grids.

As shown in Figure 5b, GFL converters regulate P and Q by controlling the d- and
q-axis components of the output current, Itd and Itq, respectively. As shown in Figure 4b, the
converter is in a state of unity power factor; thus, It = Itd, and its P–Itd curve is similar to the
curve in Figure 2a. When Itd increases, the operation is stable if P increases monotonically,
and may be statically unstable if the monotonicity of P changes. The P–Itd curve is a
convex function; therefore, it is concluded that the ultimate transmission power of GFL
converters is the same as Pmax in Equation (4), and as such, GFL converters are more
suitable for higher-strength grids. Additionally, when the grid strength is high, due to the
small impedance of the system, the time constant requirement is not high, and the power
can be smoothly adjusted within the specified time; when the grid strength decreases, due
to the rising impedance of the system, the power may not be adjusted within the specified
time. If PI parameters are not set reasonably and the converter itself is adjusted too fast,
it will produce an overshoot and a shock on the grid, which further verifies that GFL
converters are more suitable for strong grids.

4. Simulation Waveform Analysis

Simulated waveforms are used to further verify the characteristics of GFM and GFL
converters in transmitting power at different grid strengths. Assuming that the systems
connected to the converter are all high-voltage grids, the grid strength is changed by
varying the inductive reactance parameters in the line. More details about the simulation
in PLECS are shown in Tables 1–3.

Table 1. Parameters of systems of three grid strengths.

Phase Voltage Ug (V) Rg (Ω) Xg (Ω) SCR Pmax (W)

220 0.1
0.50 29.04 145,200
3.00

10.00
4.84 25,000
1.45 7300

Table 2. Parameters of systems of the GFM converter.

J/(kg·m2) Dp Dq K

0.057 5 321 7.1

Table 3. Parameters of systems of the GFL converter.

Kp_PLL Ki_PLL Kp_i Ki_i

0.7978 99.0138 0.0043 0.7143

As shown in Table 1, it is assumed that the rated transmission power of both GFM and
GFL converters is constant, and since the SCR is generally considered to be stronger than
20 for a strong grid and less than 2 for a very weak grid, it was reasonable to set the SCR to
29.04, 4.84, and 1.45 for this simulation.

Tables 2 and 3 show the parameters of GFM and GFL converter systems; the simulation
was performed to verify the transmission capacity rather than modify converters, so these
parameters were kept the same during the simulation.
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4.1. Simulation of GFM Converter Power Transfer When SCR = 4.84

The main purpose of the grid-connected simulation model with an SCR of 4.84 is
to reduce the influence of the grid strength on both converters, and thus, to observe the
influence of the systems own power transmission limit on the converters’ transmission
power. As shown in Figure 6a, the actual value of Pmax is slightly lower than the theoretical
value (25,000 W) due to the limitations of GFM converter parameter adjustments. When
the commanded power transmission is 22,000 W, the converter can deliver a rapid response
within 1 s and reach the static stable equilibrium, as expected.

Figure 6. (a) Active power of a GFM converter (Pset = 22,000 W, SCR = 4.84); (b) reactive power of a
GFM converter (Pset = 25,000 W, SCR = 4.84).

As shown in Figure 7, the GFM converter has high output current sinusoidality, low
harmonics, and high immunity to interference at a statically stable transmission of 22,000 W,
further verifying its good static stability performance. When the converter command rose
from 22,000 W to 25,000 W, the actual power transmitted by the converter will rise steadily
to 25,000 W; however, at this time, the converter cannot work in the unity power factor
state, so it will output a certain amount of reactive power steadily to the outside. At this
time, the converter output current is stable, as shown in Figure 7.

Figure 7. (a) Current curve of a GFM converter (Pset = 25,000 W, SCR = 4.84); (b) current THD of a
GFM converter (Pset = 25,000 W, SCR = 4.84). (Green for phase A, red for phase B, blue for phase C).

When the active power command continues to increase, the converter cannot transmit
the active power evenly when compensated by infinite reactive power. However, as shown
in Figure 8a, when the active power command increases from 25,000 W to 50,000 W, the
converter can only transmit about 40,000 W with high reactive power, so the system will be
in a state of static instability and the output active power will be in a state of low-frequency
oscillation (at a frequency of approximately 1 Hz). The reason is that the change in power-
angle, δ, at this time cannot meet the requirements of active power instruction, so the power
angle oscillates at low frequency, and the reactive power oscillates synchronously with the
active power. In this case, although the converter’s output current oscillates, it has a good
sinusoidal degree and no obvious harmonics, as shown in Figure 8b.
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Figure 8. (a) Active power of a GFM converter (Pset = 50,000 W, SCR = 4.84); (b) current of a GFM
converter (Pset = 50,000 W, SCR = 4.84).

4.2. Simulation of GFL Converter Power Transfer When SCR = 4.84

Similarly, when a GFL converter is commanded to transmit at 22,000 W, it still responds
quickly and has little harmonics. When Pset is raised to 25,000 W, P slowly rises to slightly
above the command, then becomes out of control and quickly rises to another stable
operating point; the value of P is determined by the converter itself as long as Pset exceeds
the limit power. The reason is shown in Figure 9b, as Q first operates out of control and
cannot be stabilized in a smaller range, resulting in a sharp increase in Q, which further
leads to a runaway P value, but at this point, Q can be as high as 40,000 var and a certain
degree of harmonics is injected into the grid, as shown in Figure 10. The fifth and seventh
harmonics indicate that Q is so high that it exceeds the GFL converter’s transmission limit
and causes instability. Due to the power coupling of a GFM converter, the reactive power
does not become out of control; only a stable offset occurs, as shown in Figure 6.

Figure 9. (a) Active power of a GFL converter (Pset = 25,000 W, SCR = 4.84); (b) reactive power of a
GFL converter (Pset = 25,000 W, SCR = 4.84).

Figure 10. (a) Current of a GFL converter (Pset = 25,000 W, SCR = 4.84); (b) current THD of a GFL
converter (Pset = 25,000 W, SCR = 4.84). (Green for phase A, red for phase B, blue for phase C).
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4.3. Comparison of the Power Transfer Capability of Converters at Strong and Weak Grid Strengths

A simulation model for a strong grid with a SCR greater than 20 and a weak grid
with SCR less than 2 was established to compare the influence of the grid strength on the
transmission of power within the limit range of GFM and GFL converters.

As shown in Figure 11, when the Pset of the very weak grid was 7300 W, it could reach
the target requirement within 1–2 s, whereas It and Uc have little harmonic similarity to
that depicted in Figure 7: when the Pset of the strong grid reached 140,000 W (slightly
below the ideal limit), it could respond rapidly in about 0.1 s, whereas Uc had high fifth
and seventh harmonics, as shown in Figure 12, which is due to the large influence of
power coupling to make the control quantity Ucd exceed normal levels and the PWM of the
GFM converter to become far from sinusoidal. High harmonics from both GFM and GFL
converters are caused by the runaway of control quantities, although specific reasons are
different. GFM converters set a fixed virtual impedance in the face of a strong grid with a
small impedance, which does not match the grid, resulting in a high frequency oscillation
of Uc with a frequency of approximately 100 Hz; in contrast, the weaker grid impedance is
larger, which offsets the virtual impedance setting problem and smooths the power output
of the converter.

Figure 11. (a) Active power of a GFM converter (Pset = 7000 W, SCR = 1.45); (b) active power of a
GFM converter (Pset = 140,000 W, SCR = 29.04).

Figure 12. (a) Voltage of a GFM converter (Pset = 140,000 W, SCR = 29.04); (b) THD of a GFM converter
(Pset = 140,000 W, SCR = 29.04). (Green for phase A, red for phase B, blue for phase C).

As shown in Figure 13, GFL converters can output Pmax relatively more rapidly under
both weak and strong grid conditions, with It and Uc having small harmonics. The PI
controller time constant here is fixed at approximately 0.5 s; when the GFL converter runs
on the weak grid, its regulation speed is higher than the grid, so P has obvious oscillation
overshoot. At the same time, there is no virtual impedance setting in the GFL converter, so
the regulation time is not too fast but relatively smooth in strong grids.
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Figure 13. (a) Active power of the GFL converter (Pset = 7000 W, SCR = 4.84); (b) active power of the
GFL converter (Pset = 140,000 W, SCR = 4.84).

4.4. Hardware in-Loop Simulation Using RTBOX1

Figure 14 shows the real-time simulation devices RTBOX1 and F28379D launchpad.
Using this platform facilitates the verification of the above conclusions. Figure 15 shows
two states of transmitting power by GFM or GFL converters; the simulation waveform
characteristics, such as harmonics, are similar to those in PLECS, which further verifies that
their transmission capacity could be realized in actual power grids.

Figure 14. RTBOX1 and F28379D launchpad.

Figure 15. (a) Voltage of the GFM converter (Pset = 140,000 W, SCR = 29.04); (b) current of the GFL
converter (Pset = 22,000 W, SCR = 4.84). (Green for phase A, red for phase B, blue for phase C).



Energies 2023, 16, 2594 12 of 13

5. Conclusions

This study investigated the transfer capabilities of the two main types of non-synchronous
machine power sources connected to GFM and GFL grids, focusing on the transfer capabil-
ity of converters at different grid strengths based on their static and stable operation.

1. There is a quantitative relationship between the statically stable power transmission
limit and the line impedance of GFM and GFL converters at a unity power factor.
At variable power factors, the converters can even transmit active rated power suffi-
ciently. For high-voltage grids, the reactance, Xg, increases; its impedance modulus,
Zg, increases. SCR decreases, Pmax decreases, and the operating range is reduced.
However, when Xg increases, its impedance angle, ϕ, increases, and Pmax increases,
but the impact of ϕ on the transmission capacity is much smaller than that of Zg. There-
fore, the larger the impedance, the smaller the Pmax; thus, the two are approximately
inversely related.

2. The grid strength of a system is determined by SCR, which is jointly influenced by
Zg and the rated transmission power of the converter. When the reactance of PCC
to ground is much greater than Xg, the Pmax values of GFM and GFL converters are
equal, and it can be considered that the grid strength is only related to Xg, i.e., the
greater the grid strength, the greater the Pmax.

3. Within Pmax (in a steady working area), GFM converters are more suitable for weak
grids because of the power coupling problem, which is more obvious in strong grids,
whereas GFL converters are more suitable for strong grids because of the monotonic
nature of the current in the P–It curve. Moreover, in smoothing power transfer, the
parameters of GFM converters, which require virtual impedance settings, make them
more suitable for weak grid regulation because they are prone to high-frequency
oscillations under strong grids. GFL converters, however, with their parameters of
time constants and PI controllers, are more suitable for the regulation of strong grids
because they are prone to overshooting oscillations in weak grids.
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